animal communication badge of status conventional signal dominance hierarchy hover wasp Liostenogaster flavolineata Liostenogaster vechti quality signal recognition system social behaviour Both recognition and conventional signals are widespread in the animal kingdom. Chemical communication plays a major role in invertebrates, and especially in social insects. In the last decade, observational and experimental evidence has shown the existence of visual quality signals and individual recognition cues in Polistes paper wasps, meaning that visual communication might also be common in insect societies. Here we show that two species of facultatively eusocial hover wasps (Vespidae, Stenogastrinae) use the visual channel for social communication. By combining morphoanatomical measurements and behavioural assays, we found that the size of the dark facial markings was related to reproductive status and dominance in colonies of Liostenogaster vechti, thus representing a badge of status. By contrast, no correlation between facial coloration and reproductive status was found in Liostenogaster flavolineata, which instead used facial markings as familiar visual recognition cues. Our results reveal that visual communication in social insects might be more widespread than previously thought and has evolved independently in distinct wasp taxa facing similar selection pressures. Ó
Both recognition and conventional signals are widespread in the animal kingdom. Chemical communication plays a major role in invertebrates, and especially in social insects. In the last decade, observational and experimental evidence has shown the existence of visual quality signals and individual recognition cues in Polistes paper wasps, meaning that visual communication might also be common in insect societies. Here we show that two species of facultatively eusocial hover wasps (Vespidae, Stenogastrinae) use the visual channel for social communication. By combining morphoanatomical measurements and behavioural assays, we found that the size of the dark facial markings was related to reproductive status and dominance in colonies of Liostenogaster vechti, thus representing a badge of status. By contrast, no correlation between facial coloration and reproductive status was found in Liostenogaster flavolineata, which instead used facial markings as familiar visual recognition cues. Our results reveal that visual communication in social insects might be more widespread than previously thought and has evolved independently in distinct wasp taxa facing similar selection pressures. Ó 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Members of animal societies need to cooperate and coordinate group behaviours. Efficient communication systems as well as recognition abilities are required for almost all social behaviours. Nestmate recognition, that is, the ability of an individual to recognize its colony mates, is critical to prevent outsiders from exploiting colony resources (Hölldobler & Wilson 1990 ). Discriminating between different colony mates allows individuals to adjust their behaviours, which is fundamental for assessing and maintaining dominance hierarchies and regulating parenteoffspring interactions. Most social species can discriminate between conspecifics for several characteristics, which include reproductive status, hierarchical rank, familiarity, group membership, kinship and individual identity (Thom & Hurst 2004) .
In class-level recognition, conspecifics are assigned to the appropriate class by using a relatively simple distinction between limited alternatives, such as 'male' versus 'female', 'familiar' versus 'unfamiliar', 'group member' versus 'nongroup member'. Signals that are relatively uniform for individuals within a class, but relatively distinct from the overall population, are usually involved in these processes (Tibbetts & Dale 2007) . For individual recognition the evaluator learns the individually distinctive characteristics of the cue-bearer, which are predicted to be (1) variable enough to allow accurate discrimination between individuals and (2) not dependent on health (Dale et al. 2001) . In contrast to identity signals, quality signals require high, differential costs to maintain an honest association with true quality (Zahavi 1975; Getty 2006) . Unlike most sexual signals, which have production-related costs, several fighting ability signals have only social costs associated with their maintenance (Rohwer 1975; Maynard Smith & Harper 1988; Senar 1999 Senar , 2006 Gil & Gahr 2002; Whiting et al. 2003; Tibbetts & Dale 2004) . These 'area' signals are often termed 'conventional' or 'badges of status ' (Guilford & Dawkins 1995) . Recent studies suggest that rank markings must be costly to their bearers because only high-quality individuals can support the social costs of increased aggression from other individuals (reviewed in Jawor & Breitwisch 2003) .
Both recognition and conventional signals are common in the animal kingdom and they occur in many different modalities, including olfactory, visual and acoustic (reviewed in Dale et al. 2001) . Several studies have shown that visual signals evolved as badges of status or recognition cues in many vertebrates (reviewed in Senar
